Introduction
Soil survey involves the mapping, classification, correlation, and interpretation of soils. The first soil survey in Iowa was in the Dubuque County area but did not include the entire county. The field work was done in 1902 and the report was published in 1903. Since that time, most Iowa counties have had at least two soil surveys completed and some have had three. The basic factors of soil formation have not changed but the use of the soils for intensive agriculture has resulted in changes in some soil properties, especially of the surface horizons. However, generally factors other than soil differences have been responsible for multiple soil surveys over one area. Over time, our concept of soil has changed. Early soil scientists with a background in geology considered the soil to be primarily that part of the earth' s surface that had been darkened by the addition of organic matter., Our concept of soil has evolved so that soil now is considered a natural body made up of several horizons or layers that are genetically related to the soil forming factors under which the soil has developed. Total analyses of soils for phosphorus and potassium was a common practice during the early 1900's. Later, it was learned that it was not the total amount of a nutrient that was important for plant growth but the amount that was available to the plant. Other major factors in resurveys were the scale and the base map used.
The early soil maps were generally made at a scale of 1 inch per mile on a plane-table base map. In the late 1930's the use of aerial photographs as base maps for soil survey was implemented. Most of the surveys were made at a scale of 4 inches per mile and most of the modem surveys we have in Iowa were made at that scale.
Beginning in the 1990's, orthophotographs were used as base maps and the field mapping is presently being done at a scale of 1:12,000 or 5.28 inches per mile.
Availability of Soil Information
Soil surveys are available for all Iowa counties in published reports and presently 95 of the 99 counties also have the same information available in digital format. Many digital soil maps of Iowa are available on the internet @ http:/ /www.ia.nrcs. usda.gov/ To access the soil information select-Soils, Soils Information, and Digital Soil Survey Data From Iowa Cooperative Soil Survey on successive screens. Data bases giving soil properties and interpretations are available at the same site. The Iowa State University Extension home page also contains soil information as well as a link to the digital soil maps and databases. The home page address is:
http :1 I extension. agron.iastate. edu/ soils/ soilsurv .html Descriptions for all soil series in the U.S. are located at: http://www.statlab.iastate.edu/cgi-bin/osd/osdname.cgi For those who do not have access to the internet, the digital soil information and associated data bases are available on CD-ROM or diskettes. The digital soil information is available in several different formats and is suitable for use in most Geographic Information Systems (GIS). For those users not interested in using a GIS the digital information may be used with the IS OIL program which is our software package for handling soil maps and data.
Soil Map Information
In Iowa we have twenty-one principal soil association areas (Figure 1 ). Within each soil association areas generalizations can be made about soil-landscape-vegetation relationships. Figure 2 shows the relationships we expect to find in the Clarion-Nicollet-Webster Soil Association Area which is in North-Central Iowa. Figure  3a shows a soil map of an area in Boone County made at a scale of 1: 15 840 ( 4 inches= 1 mile). Figures 3b and  3c give the soil legend and symbol legend used in Boone County. Two 80-acre tracts ofland in Boone County, Iowa, were a part of a detailed research project. This information will be used to help understand the relationships between soil maps and soil properties. A paper entitled " An evaluation of soil survey crop yield interpretations for two central Iowa farms" by Steinwand et al. (J.Soil and Water Consv., 51 (1)66-71, 1996) contains information about the soils and yields from these two farms with two different management systems, conventional and alternative. It is attached as an appendix to this document.
Relationship of Yields to Soil Maps
A question that is often asked of those of us in the Soil Survey Program is "What should be the relationship of the yield monitor data to my soil map? We would like to say that there is a direct relationship of the soil map to the yield data. However, it is important to recognize that the yield monitor data is collected on a second by second basis. The soil maps generally available are made at a scale of 1: 15 840 and were not necessarily designed to correlate to the second by second yield data. In fact, the soil surveys at that scale were designed to be used primarily for field level decisions. For example, which conservation practices will help reduce soil loss within this field etc. ?
Most yield data collected within a field will show a range in yields within a soil map unit. This trend does not mean that the soil map is not correct. However, it is important to understand the factors that contribute to variability in yields as related to soils.
Yield Variability and Contributions of Soils to Variability
There are many causes of yield variability but many of them are related to soil variability. Soil scientists group soil variability into two broad categories, systematic and random. Systematic variability is scale dependent as is some of the random variability. More closely spaced sampling points within areas thought to be randomly variable may indeed have a systematic pattern. Factors contributing to soil variability are discussed in the attached paper entitled "Soil Variability". The soil properties listed in this paper (Table 3 ) all contribute to soil productivity (Figure 4 ). Soil productivity is defined as "The capacity of a soil to produce a certain yield of crops or other plants with a specified system of management". Thus it follows that variations in soil properties are related to variations in productivity. Some of the important soil factors I would like to discuss are shown in Figures 5, 6, 7, 8, 9 , and 10 and in Table 1 . The soils of this study are in the Clarion-Nicollet-Webster soil association area (Figure 1 ) which makes up about 20% of the state. Figure 2 shows the landscape relationship of the major soils in this area. The 4-inch per mile soil map sheet of the southeast one quarter of Section 16 (Figure 3a) shows the study area. The legend and symbols used for the soil maps of Boone County are shown in Figures 3b and 3c . Figure 4 shows some of the major factors that affect soil productivity, which is the ability of a soil to produce a crop under a specified management system. Table 1 gives the percentages of soil separates in each textural class. A brief discussion of soil variability is given together with the degree of variability of selected soil properties and parent materials (Tables 2 and 3 ). Figure 11 shows a relief map in meters of the Boone County site in the southeast one quarter of Section 16. One meter is equivalent to 3.28 feet. Table 4 shows the statistics for selected soil properties measured in the 160-acre field. Figure 14 entitled "Depth To Carbonates". The " 0" indicates that there is free calcium carbonate at the surface in these soils. These areas do not need lime. In fact, the problem is excess lime. Outline "no lime" management areas. Are these same management areas identifiable on the 1:15840 soil map?
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--Diagrammatic presentation of some of the average weights and moisture properties of soils. --Typical water characteristics of differenl-texlurccl soils. Soil Va:::-ic.bi::..ity Variability in soils cc.n be grouped into two broad categories, systematic and random. Systematic variability is a gradual or marked change in soil properties as a function of landform, geomorphic element, c.nd soil -forming factors. Soil scientists have long emphasized systematic change. However, it may often become highly complex, impossible to express, and changes in soil properties cannot be related to a known cause. These kinds of changes are termed random.
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C. SOIL IS AT OR BELOW FIELD CAPACITY. (PLANT ROOTS ARE EXTRACTING WATER FROM FILM AROUND SOIL PARTICLES).
One of the objectives of soil mapping is to delineate soil bodies that contain less-variable soil conditions than the population of soil as a whole. Also, the use of soil maps d~pends in part upon the precision of statements that can be made about the map units. Thus , for both of these parameters, the causes and magnitude of soil variability is useful information. The data in Table 2 indicates accuracy of mapping soil series, soil slope, and soil erosion for selected Iowa soils. Other data reported by Wilding et al. (1965) indicates that in a study area in Ohio the series was mapped accurately 42% of the time and erosion class 94% of the time.
!1ausbach et al. (1980) reported the following generalized order of spat i al variability:
Physical properties Chemical properties loess < glacial drift < alluvium ~ residuum A ~ B < C horizons no consistent trend among soil orders loess < glacial drift, alluvium and residuum A ~ B < C horizons ( except for pH and sum of cations) Vertisols < Mollisols ~ Alfisols < Entisols _ Inceptisols ~ Ultisols < Spodosols Drees and Wilding (1973) suggest the following generalized sequence of spatial variability for physical, chemical, and elemental properties:
Loess < glacial till· < glacial ou-twash~ glacial lacustrine -alluvium Elemental K ~ Ti < Zr < Fe < Ca
No consistent trend among -~ B, and C horizons
The magnitude of spatial variability in a soil body does not change, but our perception of the variability depends on the choice of samp li ng sites and the analysis of these sites.
wilding and Drees (1983) summarize the above observation with the f oll o;.·ing statement:
Soi l variability is thus a consequence of real space changes withi~ the l a n d s cape body , c h o i c e o f a sa mp ling s i t e o r p e don to port ray those changes, and systematic or random field sampling and laboratory errors of determination. The magnitude of these sources of variability from greatest to least is proposed as fo l lows:
Landscape body >» Choice of ped&d » Pedon sampling -Laboratory anil1v<::n<::
SOIL EROS ION AND SOIL PROPERTI!::.S The effect of accelerated erosion on Mollisols is a major problem in soil classification. The criteria for classificaiton at the highest category, the order level, is linked directly to surface-soil thickness (mollie epipedon). Smith (1978, p. 13) stated :
In general, we tried throughout taxonomy to use the characterist ics of the subsurface horizon rather than the surface horizon because we wanted to keep the eroded :1nd unerodcd soils in the same series, as has been our practice in mapping. The usc uf the mollie epipedon as a diagnostic horizon violated the general principles that we staucd with, but we could find no escape from it.
In soils with sola thicker than 75 em, the minimum thickness of the mollie t:pipcdon for the soil to be classified as a Mollisol is 25 em. Failure to meet the thickness criterion for a mollie epipedon results in a classification of l'-tollic Hapludalf, if the soils are well drained and have an argillic horizon. Without an argillic horizon but with a cambic horizon, the soils would be dassified as lnceptisols. Because of the emphasis given to the mollie 82 
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